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@ Method for the preparation of ketones. 

© Method for the preparation of ketones, by means of oxydation of the corresponding secondary alcohols, 
characterized in that said alcohols are catalytically oxidized by H a O a inside a two-phase system compnsmg: 
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a) an aqueous phase, containing hydrogen peroxide as the oxidizing agent 

b) an organic phase, containing a secondary alcohol and optionally a solvent immiscible with said 
aqueous ph^e, as well as a peroxidic catalyst having the general formula QJCW.O*. wherem X represents 
an atom of phosphorus or of arsenic and wherein Q represents a quaternary cation, containing hydrocarbon 
groups having a total of from 20 to 70 C atoms. 
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METHOD FOR THF PREPARATION nf inrgwgg 
BACKGROUND OF THE INVENTION 



an ™ST f secondary alcohols to ketones is one of the basic reactions of the organic synthesis; as 
SUnE* ment,on,n9 1,16 osddation * isoi »™ol or of borneol for obtaining campho? will 2 sufficient! 
Many known processes are based on the oxidation of the corresponding secondary alcohols- such 
S + ; ^ h6aVy drawbacks " Some (stoichiometric*) processes require the use of consider- 

Sfr ZSSviT"*? rJl iZin9 agenfS " ° r ° f 3961,48 create ^ environmental proSms for 
*f.r^, or ^fP 08 * 1 at * e "action end: as an example, we may mention, besides HNO» oxaiyl 

Sn^comptu^S ** ** pentavatent hexavafe <" ^romium and heptavaient man- 

of vie^ 6 ar«^t^S2^«i!l!^ 9 ^ m0r9 P referabte than the first ones, from the environmental point 

tS o? S SStf'JS f 8 ^-* bSCaUSe ° f ^ tenS reaction « mes the FdCUNrfMdOt 

Z * 6 benzyKnmethylammon.um tetrabromo-oxomoiybdateftertbutyl hydroperoxide system), or 
because of the parfcculariy expensive (PtO, or RuO.), or toxic (OsO,) catalysts used.lmong the catalytic 
.ISES k ? OWn ° f O5dda,lon •» "Vdrogen Peroxide, the use of which could offer^n 

£2£j£S1f? r d T te9eS ' thankS to thejr Rmited cost and to the absence of a reduction product to 
be disposed of. But also these methods show a poor practical Interest, in that 

SJ^'S^^T^ {frOm1t07 ** s > 4,16 activity being very tow (Trost: 

necessarv » work'with H l0l at 90%, with evident safety problems (Mares: J. Org. Chem., 1973. 44. 

a J^^T* haVe nOW ^° nd ** ft te possibte to oxidfze secondary alcohols to ketones by means of 
„ t^[ e "*?*"P process, free from the drawbacks to bs faced in case of the known processes, by using 
25 low-concentrahon aqueous H 2 0, and resorting to a suitable catalytic system. Y 9 

DISCLOSURE OF THE INVENTION 

30 formula^™**** a * PeCt * ^ inVent,Cn Mn3iStS ° f a C8talyt!c method for Preparation of ketones having 

R 

\ 

^ - O • (I) 

R 1 

by means of oxidation of the corresponding secondary alcohols having formula (II): 



R 

- OH. (II) 

/ 



R 1 



^T^.T^f^ 10 ° r tMarerrt ^ each oiher - are a'ky" °r aryl-alkyl groups having up to 20 C 
SomJ SJZJt T^f^J"^ 0 ?*" 6 to 12 C atoms or cycioaOcy! groups having from 5 to 12 C 
Sm^ l r' ^ ? d to 9aCh 0ther ' 80 88 to form « ^y'fc cycle containing from 5 to 
12 C atoms, or a pofycychc system, containing preferably up to 40 C atoms. The process is characterized 



0 232 742 



in that said alcohols (li> are oxidized to the corresponding ketones (1) by reacting them with H*0 2i under 
stirring at 60-95 °C, inside a biphasic system comprising: 

a) an aqueous phase, containing hydrogen peroxide as the oxidizing agent: 

b) an organic phase, consisting of a secondary alcohol and optionally of a solvent immiscible with 
sad aqueous phase, as well as of a peroxidic catalyst having the general formula Q 3 XW«0* (til), wherein X 
repreS9 nts an atom of phosphorus or of arsenic, and wherein Q represents a quaternary cation (R 2 R,R4R»M)- 
+ , wherein M is selected from nitrogen and phosphorus and wherein R* R 3 > R* and R s . equal to or different 
from each other, are selected from hydrogen and hydrocarbon groups, so as to have from ,1 to 4 
hydrocarbon groups containing a total of from 20 to .70 C atoms. 

By such a method, the. desired ketones are obtained with optimum yields and rn a very pure form; an 
illustrative, but not limitative example of the alcohols which can be oxidized ac cording to the invention is 
represented by: 
hexane-2-ol; 
octane-2-ol; 
decane-2-ol; 
cyclbhexanol; 
2,6-dimethyl-cyclohexanol; 
menthol; 

1- phenyt-ethanol; 
borneol; 
isoborneol; 

6-hydroxy-heptanoic acid; 
benzhydrot; 

2- ethyM ,3-hexanediol; 
dlhydrocholesteroJ; 

1 ,2 f 3,4 t 5,6 t 7,8-octahydro-2-hydroxy-naph1tialene. 

Oxidation catalyst (III) is consisting of a peroxidic complex, containing tungsten, phosphorus (or As), 
and a sufficiently lipophilic quaternary cation, that can be obtained according to usual techniques. 

According to a preferred but not limitative form, it is better to use, as a catalyst* a compound having 
formula (III), wherein X represents phosphorus, wherein M (in the quaternary cation Q) represents nitrogen 
and wherein R* R„ R*.R 5 are hy drocarbon groups containing a total of from 25 to 40 C atoms, such as, 
e.g., methyltrioctylammonium t dimethyldihexadecylammonium, dimethyldioctadecylammonium, or mixtures 
thereof; In particular, as the catalysts, the compounds having formula: 

< C 25 H 54 N) 3 PW 4°24 ai ? d (C 37 H 78 N) 3 PW 4°24 
(IV) (V) 



are preferred. 

The catalysts having formula (IV) and (V) can be prepared, e-g„ by reacting tungstic acid (or an alkali- 
metal tungstate), phosphoric acid (or an alkalhmetal phosphate) and hydrogen peroxide, inside an acidic 
aqueous phase, with a quaternary salt, selected from the group consisting of methyltrioctylammonium 
chloride (known on the market under the trade name ALIQUAT 336) and dimethyl[dioctadecyl (75%) + 
dihexadecyl (25%)]ammonium chloride (known on the market under the trade name ARQUAD 2HT), 
contained in an organic phase immiscible with the aqueous phase. The reaction between the inorganic 
reactants can be carried out at from 20 to 80°C; then the quaternary salt dissolve in a solvent (preferably in 
1,2-dichloroethane) is added, preferably at room temperature, and stirring of the biphasic mixture is 
continued for 15-30 minutes. The acidic aqueous phase has preferably a pH lower than 2; to the purpose of 
obtaining such a range of values, pH is adjusted, if necessary, with a mineral acid (e.g., H 2 SO« or HCI). In 
ge neral, the molar ratios between the reactants must be the following: per each mol of P, 4 moi of W and 
up to 2 mol of quaternary salt; as to H 2 0 2 , from 2.5 to 6 mol of H 2 0 2 per mol of W are enough. After the 
separation of the phases, by evaporation of the organic phase, the compound (IV) or the compound (V) is 
obtained, respectively, in the oil or in the solid form. The oxidation reaction is carried exit according to the 
double-phase technique, and the organic phase contains the alcohol, the catalyst, and, optionally, a solvent 
immiscible with the aqueous phase; said immiscible solvent can be chlorinated hydrocarbons (e.g., 1,2- 
dichloroethane, trichloroethanes, tetrachloroethyiene) or optionally substituted aromatic hydrocarbons (e. g., 
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S^" m «n. + ° r o»^ neS) - ** reaCti0n Can be carried out ™** vigorous stirring, at tempara- 

h r r d9r P ressu ^. what does not exclude, obviously. thJTE 

°* ""^ P ressure - ™> taction time (according to the used 

Soh?in 1 am T' ^ ° PeraHn9 temperature " to the nature and to the concenLtion of the 
H a ^JTZZ « ^ 'tS anera[,y from 10 minutes t° 2 hours; the catalyst Is preferably used in a 
T, ^ rat, °/ 0n : ^ to 300:1 * * iS finaIly racomme ™^ to work with an H^alcohol molar 
££lT ^ : "1 ^ ^ 1 - 2:1 10 t - 5:1 - ^ 8 SUitabte so,vent * «•* *• alcoho. ooncen 

^T! S Pr f 9rat>ly hi9her 70% b * wei S ht " rhe concentration of hA in the 
aqueous Phase, is not crytcal, and can be from 1 to 70%. and preferably from 10 to 40% by weight At the 

n Z!Z ^ r0matoSraphv ' accordJrl 9 to usual techniques. The method of the invention car! 

ZJ^T ^ means of usual equipment and techniques; the catalyst is sufficiently stable and can be 
eZT^^TI T e u Um KS USe " The inve ^°" * now disclosed in greater detail in the following 
2rf£fS V?* ' , ' USbath ' e ^ purposes. The concentration of hydrogen peroxide 

and of phosphoncacid is expressed in the Examples as grams perl 00 cm* of solution 



EXAMPLE 1 
20 Part A 

Preparation of catalyst (CsH«N),PW.O» (IV) 

To a 4-neck 100-cm 1 flask, equipped with blade stirrer and dropping funnel. &30 a of Na.W0..2H O 

7% T^7 WO ° f 40% Hl °' were toen added. Forty cm> of 1 ,2-dichloroethane. conteZg iS 
Ll, ^ V °^ m f iUmChi0n ' d9 <known in *• *■* 33 ALIQLfAT 336). were then added Tender 
ZZTIT^'T" 3 3 - mmUte ttme - 11,8 «as maintained for 20 minutes at room temperature S 

fJlZt^n^Tr™^ 3 * deCanted and * e phases mn separated. The organic (lower) phase was 

ss^^s:: adtfifion of a 1 excess * ^ in * 

-Theoretical active oxygen - 5.68% (compound for B active oxygen atoms). 
E§rtB 

Oxidation of 2-octanol 

M-J 0 » a n Z ?^f^ m ' fl *f- pravided witn ma 3 netic termomether and reflux condenser. 6.4 cm 1 of 

were ^1 ^"T ' 9 <abOUt ^ mmo, > * < IV >- « 9 (50 mmof) of 2-octanol 

were charged. The Diphasic mixture was heated under vigorous stirring, at 90°C and was kept at this 

nrS^J^H^ f HlDl * 98% W3S ° bteined determined by iodo" etSc ^ 

1!? JXE? JS?" ^f J end ' * e phaSSS were ^P^tod. The aqueous phase was extracted with ethyl 
TJL^tT**^ *as added to the organic phase. The solvent was evaporated off and the residue was 
eiuted over esll.ca get column, using an efher/n-hexane (1:1) mixture as the eiuent 5.9 g (46.1 mmol) of 5 

2? L™Z£TT W,th a PUrfty > " % " 35 ^ gas-iiquid chromatography 7S The 

yield, with respect to the used alcohol, was S2%. 

EXAMPLE 2 

ss m a JSnT!l 1 t ^ rSPeated ' L SplaCin9 2 ^ Ctan0 ' D y t-phenylethanol (6.1 g; 50 mmol). and reducing the 
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EXAMPLE 3 

Example 1 was repeated, replacing 2-octanol by (-)-menthol (7.8 g; 50 mmol), increasing the reaction 
time to 2 hours, and eluting the residue of the organic phase over a column of alumina (instead of silica); 
5 678 g (44 mmof) of (-)-menthone were obtained (GLC purity > 99%), what corresponds to a 88% yield. 



EXAMPLE 4 

70 Example 1 repeated, replacing 2-octanol by 2-ethyh1 ,3-hexanediol (7.3 g; 50 mmol) and reducing the 
reaction time to 1 hour; 5.48 g (38.1 rnmoi) of 3-hydroxymethyl-4-heptanone were obtained (GLC purity > 
99%), which corresponds to a yield of 76%. 



15 EXAMPLE 5 

Example 1 was repeated, replacing 2-octanol by {±)-isoborneot (7,7 g; 50 mmol), adding 2 cm 3 of 
tetrachloroethylene and reducing the reaction time to 45 minutes, 7.22 g (47,5 mmol) of (±)-camphor were 
obtained (GLC purity > 99%), what corresponds to a 95% yield. 

20 

EXAMPLE 6 

Example 3 was repeated, replacing (-)-menthol by 2,6-dimethylcyclohexanol (6.4 g; 50 mmol), using 5.1 
26 cm 3 (60 mmol) of 40% of HjO*, adding 4 g of anhydrous MgSO* and reducing the reaction time to 30 
minutes. 5.61 g (44.5 mmol) of 2,6-dimethyt-cyclohexanone were obtained (GLC purity > 99%), what 
corresponds to a 89% yield. 



30 EXAMPLE 7 
Part A 

Preparation of catalyst (QrH^PWA. (V) 

36 

By operating as described in Example 1 t but replacing AUQUAT 336 with 3.10 g of dimethyi- 
[dioctadecyl (75%) + dihexadecyl (25%)]ammonium chloride (known in the trade as ARGUAD 2HT) 1 3.6 g 
of a white solid were obtained. The analytical values are in agreement with the indicated formula, 
-Active oxygen found = 4.60% ( determined as In Example 1); 
40 -Theoretical active oxygen = 4.63% (computed for 8 active oxygen atoms). 

45 Oxidation of benzhvdrol 

Example 3 was repeated, replacing catalyst (IV) by 0.69 g (0.25 mmol), of catalyst (V), replacing 2- 
octanol with 9.20 g (50 mmol) of benzhydrol, and reducing the reaction time to 1 hour. 9.04 g (49.7 mmol) 
of benzophenone were thus obtained (GCL purity > 99%), what corresponds to a 99% yield. 

50 

EXAMPLES 

Example 5 was repeated, replacing (±)-isoborneol by (-}-borneol (7.7 g; 50 mmol); 6.99 g (46 mmol) of 
55 (-)-camphor were obtained (GLC purity 97.8%) t what corresponds to a 92% yieid. 
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EXAMPLE 9 

To a 2-neck 50-cm 5 flask, provided with magnetic stirrer, termomether and reflux condenser, 3.2 cm 3 of 
40% H 2 O z (37.6 mmol), 10 cm 3 of tetrachloroethylene, G.2B g (about 0-125 mmoi) of catalyst (IV) r and 9,9 g 

5 of 90% dihydrocholesterol (25 mmol) were charged* The triphasic mixture was heated at 90°C under 
vigorous stirring and was kept at thfs temperature for 45 minutes. A conversion of H 2 0 2 > 98% was obtained 
(as determined by iodometric titration of the aqueous phase). At the end, the phases were separated. The 
solvent of the organic phase was evaporated off and the residue was eluted over a silica gel column, using 
methylene chloride as the eluent 8.80 g (22.8 mmoi) were obtained of cholestan-3-one (meiting point: 129- 

ro 130°C, after crystallization from ethanoi). The yield, with respect to the used alcohol, was 91%. Data and 
results of ait of the tests are reported in the following table: 
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TABLE 1 

5 Example t Alcohol Catalyst Solvent Time T (°C) Yield (%) 
{50 mraol) (*) {0.25 mnol) 
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Claims 

1 . A catalytic method for the preparation of ketones having formula (!): 
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,C = O (I) 



by means of oxidation of the corresponding secondary alcohols having formula (II): 

R 

\ 

CH - OH (XI) 

R i 

wherein R and R, f equal to or different from each other, are alkyl or aryf-alkyl groups (having up to 20 C 
atoms), aryl or alkyl-aryl groups (of from 6 to 12 C atoms) or cycioalkyi groups having from 3 to 12 C 
atoms; and wherein R and R» can be bound to each other, so as to form an aikyflc cycle containing from 5 
to 12 C atoms, or a polycyclic system, characterized in, that said alcohols are oxidized (by reacting them 
with H 2 O a under vigorous stirring), preferably at 60-95°C, inside a liquid system comprising: 

a) an aqueous phase, containing, as the oxidizing agent hydrogen peroxide; 

b) an organic phase, containing a secondary alcohol and optionally a solvent immiscible with said 
aqueous phase, as well as a peroxidic catalyst having the general formula OXW.O* (ill), wherein X 
represents an atom of phosphorus or of arsenic, Q represents a quaternary cation (RjRjFURjM) * t M being 
selected between nitrogen and phosphorus, and wherein R 2 , R* R* and R* equal to or different from each 
other, are selected from hydrogen and hydrocarbon groups, so as to have froml to 4 hydrocarbon groups 
containing a total of from 20 to 70 C atoms. 

2. A method according to claim 1 1 wherein the catalyst (Hi) is selected from the compounds of formula: 
(CasHstN)* PW«0* and 
(C^Nfe P W*CU 

3- A method according to claim 1, characterized in that in catalyst (Hi), X represents phosphorus, that in 
the quaternary cation M represents nitrogen, and that the radicals R*, R 3 , R* and R* are hydrocarbon groups 
containing a total of from 25 to 40 C atoms. 

4. A method according to claim 3, wherein the quaternary cation is selected from methyltrioctyiam- 
monium, dimethyldioctadecyl ammonium and dimethyl-or dihexadecylammonium or mixtures thereof. 

5. A method according to one or more of the claims 1-4, wherein the alcohol is selected from octan-2- 
ol, 1-phenyi-ethanoi, (-)-rnenthol, 2-ethyI-1,3-hexanediol, (-)-borneol, isobomeol, 2,6-dimethyicyciohexanol, 
benzhydrol. cyclohexanoi, dihydrochoiesterol and 1 ^ > 3 i 4,5,8 i 7,8-octahydro-2-hydroxy-naphtriaJene. 

6. A method according to one or more of the claims 1-5, wherein the oxidation temperature is from 60 
to 95*C, the HaO^lcohol molar ratio being from 1:1 to 2:1 and the H 2 0 2 :cataiyst molar ratio being from 
200:1 to 300:1. 

7. A method according to one or more of the claims 1-6, wherein the concentration of H a O* in the 
aqueous phase is from 1 to 70% by weight. 

8. A method according to claim 7, wherein said hydrogen peroxide concentration is from 10 to 40% by 
weight 

9. A method according to one <r more of the claims 1-6, wherein the used solvent immiscible with 
water, is selected from the chlorinated aliphatic hydrocarbons and the optionally substituted aromatic 
hydrocarbons. 
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